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[57] ABSTRACT
Apparatus provided for measuring slippage of locomo-

- tive wheels and for preventing excessive sliding of the

wheels and which produces a control signal for govern-
ing the locomotive speed uses as a basic criteria the
variation in velocity between the translatory speed of
the locomotive and the circumferential velocity of slid-
ing wheels. Variation in velocity is measured by inte-
grating acceleration differences between the effective

acceleration of the locomotive and the wheel accelera-
tion.

6 Claims, 12 Drawing Figures
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APPARATUS FOR MEASURING THE SLIP OF
LOCOMOTIVE WHEELS AND PREVENTING
. SLIDING THEREOF

5

The invention concerns an apparat_us to measure the
slipping, and to prevent the excessive sliding (of the
wheels) of a locomotive, where there is being deter-
mined, and utilized for governing the speed of the loco-
motive, the effective variation in velocity between
translatory speed of the locomotive and circumferential
velocity of sliding wheels. |

The two revolving bases of a locomotive are pulling
independently of each other. Whenever the adhesion of
the wheels to the rails becomes poor, slipping will oc-
cur. Such slipping can be of minor or major magnitude,
and when a certain critical value is reached, one speaks
of excessive sliding, meaning that the wheels will race
away, and that the traction load will become almost
ZEro.

In order to overcome this deficiency, a power gover-
nor determines the slipping compatible with the condi-
tions of the rails in order to maintain optimum tensile
load.

Such governor i1s controlled in functional relation to
the measured wheel velocities, but in order to attain a
satisfactorily precise functioning of such governor it
becomes necessary to take into account also the differ-
ence in velocity between the circumferential velocity of
the shiding wheel and its speed over the rail. This differ-
ence can be obtained simply by comparing the angular
velocity of a wheel of a sliding revolving base with the
angular velocity of a non-sliding base. However, 1n case
of poor adhesion to the rails it will very often happen
that both revolving bases of the locomotive are sliding,
and it will then become impossible to determine the
variation in velocity by a simple comparison.

It i1s therefore necessary to establish, as function of
several parameters, a velocity which corresponds to the
velocity of a non-sliding revolving base in order to
arrive at the effective variation in velocity by a compar-
ison. This is the problem to be solved by the invention.

The invention solves the problem in that manner that
the variations in velocity are measured by integrating
the acceleration differences between the effective accel-
eration of the locomotive and the relevant wheel accel-
eration by means of feeding the acceleration differences
into appropriate integrators, that the measuring system
in case of the absence of slipping is blocked by proper
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means, that for this purpose each revolving base of the

locomotive is monitored by a detector which will regis-
ter the beginning of slipping for this specific base and
which will generate a signal to cancel the blocking, that
there are provided additional means to measure the
second differentiation of the wheel velocity, as well as a
flip-flop circuit which is actuated upon the occurrence
of this second differentiation and which will remain in
this state for several seconds to allow the velocity varia-
tion of the revolving base concerned to assume its
proper value if there exists any effective slipping, that
the effective acceleration of the locomotive is deter-
mined by means of a system with coupling loop,
wheréby a signal is fed into a comparator that corre-
sponds to the measured acceleration of one wheel and
the output signal of the entire system is fed back to the
second input of the comparator, and that between the
output of the comparator and the output of the entire
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system the following circuit components are placed in
series:

1. A switch that is closed in the absence of slipping
and that is being opened when slipping occurs,

2. An integrator with output storage,

3. A multiplier circuit which receives at its second
input a signal that is derived from the motor cur-
rent of the locomotive and that is proportional to
its tractive power, whereby the system is in balance
when the switch is closed, that is in the absence of
slipping, which means that the measured accelera-
tion of the wheel is equal to the effective accelera-
tion of the locomotive, the value appearing at the
output of the multiplier, this acceleration being
equal to the tractive power multiplied by the recip-
rocal value of the mass, so that at the input to the
multiplier circuit, or at the output store of the inte-
grator respectively, a signal will appear that is
proportional to the reciprocal value of the mass,
and whereby in case of the switch being in open
position, at the beginning of slipping, this signal
will remain at the output of the integrator, being
stored at the output store, so that at the output of
the entire system there will appear a signal, even in
case of slipping or excessive sliding, that is propor-
tional to the effective acceleration of the locomo-
tive. -

The invention will be explained in detail later on by

use of the drawings wherein: |

FI1G. 11s a sub-circuit diagram 1llustrating an arrange-
ment for obtaining the velocity variation of two revolv-
ing bases of the locomotive;

FIG. 2 is a sub-circuit diagram similar to FIG. 1 but
which also incorporates an arrangement for blocking
the system under no-slip conditions of the revolving
bases;

FIG. 3 is a sub-circuit diagram utilized to obtam a
signal indicative of the beginning of wheel slip;

FIG. 4 is a sub-circuit diagram utilized to block the
wheel slip signal;

FIG. § is a circuit diagram of one embodiment for
obtaining the effective acceleration of the locomotive in
relation to wheel acceleration for slip and no-slip condi-
tions;

FIG. 6 is a graph showing effective acceleration of
the locomotive as a function of force for a given mass
when the track is level;

FIG. 7 1s a graph showing a negative locomotive
acceleration (deceleration) for an upgrade track condi-
tion;

FIG. 8 1s a graph combining the graphs of FIGS. 6
and 7, graph p denoting a level track profile and graph
s an upgrade profile;

FIG. 9 is also a graph similar to FIG. 6 but for a
downgrade track profile;

FI1G. 10 1s a circuit diagram similar to that of FIG. 4
but with the addition of an auxiliary modifying control
as a function of any gravitational effect present;

FIG. 11 is a sub-circuit diagram showing an arrange-
ment for introducing negative acceleration as a function
of speed into the circuit of FIG. 10; and FIG. 12 is a
circuit diagram illustrating the complete system, this
being essentially a composite of the sub-circuits illus-
trated in FIGS. 2, 3, and 10. -

- However, before describing in detail the circuits
shown in the drawings, it is believed that the following
discussion of the principle involved in obtaining the
velocity variation AV will be helpful.
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~This velocity variation is simply.' the difference be-

- tween the effective speed Vz of the locomotive and the
circumferential velocity V,, of the wheel:

| i AV'= Vg — V,

o It can also be stated that the velocity variation is repre-

. sented by the. mtegral of the difference between the

- effective acceleration Ex of the locomotive and of the

- acceleration vy, of the wheel:

L EAV=[Or-rod
It is the latter formula which is being utilized, and in

value of effective acceleration, that is AV, for the re-
volving base: 1 and AV, for the revolving base 2. FIG. 1

. showsa dlagram illustrating the practical application of
-~ this operation: the differences yg — ¥, and yg — 7y, are

- formed insuitable comparators C,, C,and are integrated ,
by means of associated integrators 1,, I, thus producing
- the correspondmg velocity variations AV, and AV,.

10

- order to obtain the velocity variation for each revolving
 base it is therefore only necessary to determine the
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In view of the fact that the precise determination of

~ the effective acceleration 7y of the locomotive relative

~ to time isia rathr difficult matter (as will be explained
- later on) it will be expedient to block the system when

there is no slipping. For this purpose a detector is used
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acceleration vy, and it can return to its original position

only a few seconds after the last change of vy,,.
- FIG. 41llustrates the complete diagram for the block-
ing of the signal B. An OR-gate G; first receives the

differentiation of the signal y,;, formed in a differenti-
ator Dj, by way of an AND-gate G,, its second input
being mnverted. Since B; is initially zero, this AND-gate
will allow the signal v’ w, to pass through to the flip-flop
circuit by way of the OR-element. However, immedi-
ately upon the activation of the flip-flop circuit the
inverted input of the AND-gate becomes a low-pass
area; this AND-gate will then not pass the signal ¥',,;
any longer -if it is still present- , but the signal (AV,)’
differentiated in the differentiator D, and applied to
OR-gate G; will now take over the task of mamtalmng
the flip-flop circuit FF in its set state.

The determination of the effective acceleration yy of
the locomotive (an acceleration which definitely need
not be identical with the wheel acceleration in case of
slipping or excessive sliding) is the major problem to be
solved by the method proposed by the invention, as
already emphasized previously. By the integration of

- the difference yg — v,(v., = circumferential accelera-

23

to monitor each revolving base which will register the

- -begmnmg of slipping, furnishing data B, for the revoly-
~ Ing base 1 and data B, for the revolving base 2. FIG. 2
- shows a diagram which includes these improvements. If
. _data B{and/or B, are present, the signals yg — ¥,1, OF
YR — Y4 respectively, will reach by way of proper
~ AND gates G, G, the respectlve integrators I, I,, and

- at their outputs there will again (as in FIG. 1) appear the

~ velocity, variations i.e., the accelerations AV, and AV,

~ respectively. The. auxﬂlary AND-gate G'{, G';, respec-
~tively assigned to each AND-gate Gy, Gy, respectively

- having a negated mput is blocked in this specific case.
o --'However, if there 1s no B data generated (no slipping),

- the signal:yg — 7y, can not reach the integrator I, be-
~ -cause the AND-gate G, is blocked; but the associated

| __(aumhary) AND-gate G’y with a negated input is now

- openand insures in connection with the illustrated dia-
- gram: that AV -and likewise AV,, if there exists no
- slipping at the. revolvmg base. 2 either- will maintain a

- value of zero.

~ The principle of the operation of the shppmg detec-

 tors will now be discussed. Any change in acceleration
- requires careful attention because it can be due either to
- achangein acceleration power as initiated in the matter

{: . of course by the locomotive engineer, or it can be due to
o the beginning of slippage. A very rcsPonswe measure-

~ment.of the second differentiation y’ of the wheel veloc-
ity will therefore solely indicate the possibility of slip-
ping. This information, which can be very transitory,

- will 'activate a time-base circuit that will remain in its
~ new: state for a few seconds so that the AV of the re-

- volving base involved (see above) can assume its proper
- value if there is any slippage. FIG. 3 shows the basic
| dlagram for obtaining the data B, indicating the begin-

~ ning ;of slipping.. The wheel-acceleration signal Ve

reaches the differentiator D, and the differentiation Y o
~ (that is the second differentiation of the wheel velocity
- V,) will actuate a flip-flop circuit FF, w1th the 31gna1 B
o 'appeanng at its output end.
-Evidently this flip-flop circuit remains in its position
dufrin'g the time when there is any change in the wheel

30

tion of the wheel) there is being obtained the velocity
variation AV, as described above.

The determination of the effective acceleration vy is
based on the known mechanical relation

F

_ Y = £ o = X
F-—mY.orY—-m ) OF == = =

- where F represents the force,
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m the mass
and

vy the acceleration.

In FIG. § there is illustrated the system using a feed-
back, where y, represents the wheel acceleration, yzthe
effective acceleration, and M a multiplier circuit.

a. If there is no slipping, Z will be closed. The system

is in balance if y, = vyg, i.e., if the integrator I;

delivers a correct value at point A. Therefore,
YR=F: A =1,
In order to satisfy the equation (1), the value of A can

only be 1/m so that -

iiniinkininin
L

1
YR=F"E'=YN'

Thus, point A furnishes information concerning the
mass.

b. During the period of time when there is any slip-
ping, Z will be open. Although v, may assume
various values, point A can not change anymore
(due to the storage effect at the output of the inte-
grator), and since it represents the reciprocal of the
mass, the result will always be the effective accel-
eration as function of the force: |

yr = F . (1/m).

The signal F, which is proportional to the force, can be
derived from the motor current of the locomotive.

c. Influence of the change in track profile: A change
in profile of the track over which the train is being
driven (up or down grade) is equivalent to a
change in mass.

(D,
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FIG 6 depicts, in case of a level profile, the effective

acceleration as function of the force for a given mass.
The slope of the straight line (tangent) is given by yr /F

, which according to formula (1) equals the reelprecal
1/m of the mass.

If there exists an up-grade, FIG. 7 demonstrates that
a negative acceleration (deceleration) - 7y, corresponds
to the force zero, and an acceleration y; = (Fy/m) —
Yo corresponds to the force F.

FIG. 8 combines the two graphs (p denoting level-,
and s up-grade profile). The measured acceleration is
v, for a force Fy, resulting in a mass reciprocal of 1/m’,
(instead of (1/m) where m represents the true mass.
This is a disadvantageous situation because it affects the
accuracy because, if there is any slipping, the switch Z
will open and (the value of) the mass 1/m’) can not
change anymore, and the force will lessen to correct the
slipping situation, and the result will be an acceleration
ranging between vy, and zero instead of the limit ranges
v and ¥, In order to overcome this problem, a more
complex system is employed for obtaining the value ¥,
this value being denoted by 7.,.

The same graphic illustration is being used again but

the effective acceleration s represents here the sum of 54

an acceleration vy, resulting from the tractive force
acting upon the true mass and an acceleraton vy, due to

the gravity acting upon the true mass in case of a down-
grade track (see FIG. 9):

YR=Yu=x Vx

However, in case of an up-grade track the formula will
read

YR= Yu— Vx
7R=(F1/m)"‘7r

FIG. 10 shows the arrangement in diagrammatic
form. The following assumption is made here: if there is
no slipping, any change in the acceleration vy, of the
wheels is caused by the presence of a grade if there is no
change in pulling force. Obviously, this assumption is
concerned with a gradual change in acceleration which
differs from the more rapid change caused by the begin-
ning of slipping since in the latter case the system will
be blocked by the opening of switch Z. Thus, any
change of F will influence the reversing switch (“In-
verter’’) N, Q (see FIG. 10). The system functions in the
following manner: |
1. At level proﬁle

— the force increases, with vy, assumed to be zero.
The reversing switch closes N, opens Q, and the
system 1s “looped in”, the condition shown by
FIG. §, in other words there is being obtained
the true value of 1/m and yy = yr = Yo.

— The force does not change anymore. The re-
versing switch opens N, closes Q, and the system
is looped in by vy, by way of the output from
integrator I, which forms one input to an adder
C.4 the other input to which is constituted by the
output from multiplier M. The output from
adder C,is fed back as a negative input to a com-
parator C;, the other input to the latter being
positive and representative of wheel accelera-
tion. The output from comparator C, is con-
nected to one contact of switch Z. This means,
SINCE Y = Y., that ¥, maintains its zero value.

6

This method makes it possible to activate the
storage for (1/m) if there is any change of F
2. If the profile is not level. .
— The force does not change, and N is therefore
S - open and Q closed. The acceleration vy, changes
due to the downgrade, and the system reacts in
that vy, will bring the loop into balance:

Y™+ Yx= YR= Yo

10 |
— The force changes, and N is closed, Q open.
The value of vy, can not change anymore and
corresponds to the acceleration as caused by the
down-grade. Due to these circumstances the
desired aim is accomplished and v;, becomes
solely a function of the pulling force and of the
true mass.

Comment: Any change in profile requires a change in

pulling force if the locomotive engineer intends to main-

20 tain a constant speed of the train. There are three possi-

bilities to be considered.

— The change in force is accomplished prior to the
change in profile, and 7, is thereafter stored cor-
rectly.

-— The change in force is accomplished after the
change in profile, and vy,is already correctly stored
at this time.

— The change in force is accomplished simulta-
neously with a change in profile. This is the most
difficult case since vy, is now not stored correctly.
In order to overcome this problem in part, it will be
necessary for the change in force (dF/df), actuating
the reversing switch, to have a greater magnitude
for the reversal of this switch than the magnitude
needed to balance out any standard downgrades so
far as speed is concerned. This problem case can be
treated still more advantageously if the system is
restricted to the changes of forces which are in the
direction of increase, thus eliminating the down-
grade profiles where dF/dt is decreased for the
purpose of maintaining a constant speed.

Finally, it is necessary to take into consideration the

resistance encountered during the forward movment, a

resistance which will depend on the magnitude of the

speed. It will suffice here to introduce into the coupling
loop a negative acceleration as a fucntion of the speed

(see FIG. 11). In order to determine the force required

in connection with the above described system, it will

only be necessary to measure the total amperage and the
characteristic curve pulling force/speed of the locomo-
tive power plant.

Obviously, the values so measured can be used di-
rectly for the actuation of governors with immediate
action relative to the motor and an automatic lowering
of the pulling force so that it will remain below a certain
critical value. |

It should finally be mentloned that heretofore a po-
tentiometer had been used permitting a variation of the
speed amplification factor (compensation for the wear
and tear of the wheel tires). Test drives were necessary
to adjust this apparatus protecting against excessive
sliding. Such test drives are very difficult to carry out
within larged-sized urban areas. The above proposed
protection against excessive sliding makes such test

drives unnecessary, thus cutting down on personnel and
increasing gainful output.

I claim:
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. | |Apparatus-for measuring wheel slip and to prevent
“excessive sliding of the wheels of .a locomotive and

~ which produces:a control signal in accordance with the
 variation;in velocity between translatory speed of the
~ locomotive and the circumferential velocity of slldmg |
- sheels, said control signal being used for governing the
 speed of the locomotive, said apparatus comprising:

N a system including a coupling loop for determining
the effective acceleration of the locomotive, said

R system comprising a comparator into one input of 10

 which isifed a signal corresponding to the accelera-

tion of a wheel and wherein the output signal from

“said system is fed back to the other input of said

. comparator and wherein the following seriately -

- . connected: .circuit ‘components are included be-
~tween said comparator and the output of said sys-

© tem.:

1. a switch which opens only in the event of wheel
- shp, 0

2. an integrator with output storage,

- 3. a multiplier having one input thereof connected
 to:the: output store of said integrator and to the

 other input of which is connected a signal de-

- rived ‘from the locomotive motor current and
- which is' proportional to its pulling force, said
~ system being in balance when said switch is in its
 closed state and which is indicative of an effec-

* tive acceleration of the locomotive equal to that

~of the wheel acceleration, means for integrating
. the difference between a signal
| representmg the output from said system by which the

 effective acceleration of the locomotive is obtained and

- asignal representative of wheel acceleration to produce

- said control signal for governing the speed of the loco-
o 'motwe, IR

- and. means for blocking transmission of said differ--

ence signal to said integrating means in the absence

- of wheel slip. |
2 Apparatus as defined in claim 1 wherein said means

~ for blocking transmission :of said difference signal to
- 'said integrating means in the absence .of wheel slip in-

-cludes means for obtaining the second derivative of the

~ wheel velocity and. a flip-flop circuit actuated by said
~ second derivative to a state in which it remains set for a
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8 .
time sufficient to permit the variation in wheel velocity
to assume its proper value in a case where wheel slip 1s
present.

3. Apparatus as defined in clalm 2 wherein said flip-
flop circuit actuated by said second derivative of the

“wheel velocity is maintained in said set state by the first

derivative of the wheel velocity variation.

4. Apparatus as defined in claim 3 for maintaining said
flip-flop circuit in said set state by the first derivative of

the variation in wheel velocity comprising an OR-gate
having its output connected to the input side of said
flip-flop circuit, one input to said OR-gate being consti-
tuted by the first derivative of the variation in wheel
velocity and the other input to said OR-gate being con-
stituted by the output from an AND-gate, one input to
said AND-gate being constituted by the second deriva-
tive of the wheel velocity and other input thereto being
inverted and constituted by the output from said flip-
flop circuit.

5. Apparatus as defined in claim 1 and which further
includes means introducing into said coupling loop a
negative acceleration signal which is a function of speed
of the locomotive for taking into consideration any
resistance opposing its forward movement.

6. Apparatus as defined in claim 1 and which further
includes a second switch connected between the first
mentioned switch and the input to said integrator, an
adder component having as one input thereto the output
from said multiplier and -as the other mput thereto the
output from a second integrator, the input to said sec-
ond integrator being connected by way of a third
switch to a junction point in the circuit between said
first mentioned and second switches, said second and
third switches being jointly controlled by a change in
the locomotive pulling force such that one of said two
switches is open while the other one is closed and vice
versa, the output from said adder component being fed
back as a second and negative input to said comparator
and also constituting the effective acceleration of the
locomotive equal to the sum of primary acceleration
caused by the pulling force exerted on the true mass and
a supplemental gravity induced positive or negative

acceleration component.
) . % % X =%
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